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NASA TT F-10,229 

SPECTRAL ALBEDO OF NATURAL GROUNDS 

i 

K. Ya. Kondrat’yev, Z. F. Mironova, A. N. Otto 

AB STKACT 

The authors give the  r e s u l t s  of recent measurements of 

albedo from various na tura l  surfaces: ag r i cu l tu ra l  crops, s o i l ,  

snow, water, e t c .  

spec t r a l  albedo f o r  individual days as w e l l  a s  the  averages f o r  

The data  are used f o r  compiling t ab le s  of . 

several  days. Curves are given showing the  s p e c t r a l  character- 

i s t i c s  of albedo from the  various types of surfaces .  The da ta  

given i n  th i s  a r t i c l e  are bas ica l ly  from measurements under 

c l ea r  weather conditions. More observations under varying con- 

d i t i ons  of i l lumination are  needed f o r  a b e t t e r  understanding 

of the  f ac to r s  involved i n  changes of albedo from na tura l  under- 

ly ing  surfaces. 

Some preliminary da t a  w e r e  given i n  references 1 and 2 on the  spec t r a l  /24* - 
albedo of na tura l  underlying surfaces. 

Of m o r e  recent da ta  recorded f o r  an extensive var ie ty  of underlying surfaces i n  

var ious  cl imat ic  regions of t he  European t e r r i t o r y  of t h e  USSR. 

The present paper contains an analysis  

The spec t r a l  albedo of these natural  underlying surfaces  was measured by 

considerably modernized means of a remotely controlled f i e l d  u n i t  which was 

*Numbers given i n  margin ind ica te  pagination i n  o r ig ina l  foreign t e x t .  
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Figure 1. Overall view of the  remote-control f i e l d  

i n s t a l l a t i o n  and the f i e l d  1abora;tory mounted on a 

GAZ-63 t r a c t o r .  

I -  

i n  comparison with t h e  previously described i n s t a l l a t i o n  (ref. 2). 

view of t h i s  u n i t  is  shown i n  f igu re  1. 

and car r ied  out  t o  give a va r i e ty  of protracted observations f o r  studying the  

basic  r u l e s  and f ac to r s  involved i n  the change of spec t r a l  albedo from severa l  

t yp ica l  surfaces. The most de ta i led  measurements were made over a l f a l f a  f i e l d s  

i n  the Tairovo sett lement of the  Odessa Oblast .  The observations were made on 

20 c l e a r  days with 12-13 s e r i e s  of diurnal  measurements. 

vineyards, fallow ( the bare surface of plowed s o i l ) ,  d ry  grass  and corn were 

studied a t  t h i s  same point .  

An overa l l  

The measurement program was planned 

The surfaces of 

Measurements were made above ag r i cu l tu ra l  crops i n  the  Poltava O b l a s t ,  

above the  surface of clover, lupine and water i n  the  Lithuanian SSR, and above 

the  surfaces  of snow, asphal t  and concrete i n  the  Leningrad Oblast. 

ments w e r e  made f o r  two o r  three days above these surfaces  t o  obtain data on 

t h e  most typ ica l  cha rac t e r i s t i c s  of the spec t r a l  albedo. 

Measure- 

A l l  the  surfaces  
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which we studied were divided in to  three categories according t o  the spectro- 

photometric c l a s s i f i ca t ion  proposed by Ye. L. Krinov ( re f .  3).  

The first category includes surfaces f o r  which the albedo increases & 
from the shortwave t o  the  longwave spec t ra l  region. More spec i f i ca l ly  with an 

increase i n  wavelength from 400 t o  1000 mp. I n  t h i s  c lass  a re  various types of 

s o i l ,  roads a d  m q  other  objects.  

The second category includes surfaces f o r  which the albedo has 2 ma_ximum i n  

the  v i s ib l e  region of the spectrum (around 550-560 mp), a minimum i n  the 650-680 

region and high values i n  the 730-1000 mp region. A l l  types of vegetation 

belong i n  t h i s  category. 

The t h i r d  c lass  includes surfaces f o r  which the  albedo i s  precisely con- 

s t a n t  i n  the ?GO-800 mp wavelength range, but decreases on both s ides  of t h i s  

range (kOO-'jOO ande00-1000 mp). This category includes snow and water surfaces. 

Albedo measurement data f o r  individual periods of observations are  given 

i n  the t ab le  (see appendix). 

"mean meteorological") albedo values. 

Also given there  are averaged (mean d a i l y  and 

The mean da i ly  values of albedo A1were calculated a s  the  ar i thmetical  

means from data  f o r  periods which were s i tuated symmetrically with respect  t o  

t r u e  noon. The "mean meteorological" values of albedo A were determined from 

data  for  three periods of measurements ( 9 ,  1 2  and 15 hours). 

f o r  albedo values reduced t o  these periods was l e s s  than 5 percent. 

spec t r a l  width of the s l i t  was  10-120 

wavelength range respectively.  

2 

The r e l a t ive  e r r o r  

The working 

f o r  the limits of the  450-900 mp /26 

3 



Figure 2. Mean daily values of spec t r a l  

albedo f o r  severa l  types of vegetation. 

1, Sudan grass;  2, corn; 3, a l fa l fa  (July) ;  

4, a l f a l f a  (June). 

Vegetative Cover 

All types of green vegetative cover which we studied i n  the s ta te  of closed 

herbage have similar spec t r a l  albedo cha rac t e r i s t i c s  i n  the  420-900 mp wave- 

length range. The spec t r a l  albedo increases somewhat f o r  a l l  vegetative cover 

during the t r a n s i t i o n  from h = 420 mp t o  h = 550 mp. A fu r the r  increase i n  

wavelength resu l ted  i n  a reduction i n  albedo due t o  the  main absorption band of 

chlorophyll (630-680 m p ) .  There i s  a sharp increase i n  albedo beginning with a 

wavelength of h = TOO mp and upward. The m a x i m u m  albedo f a l l s  i n  the  7 2 O - l O O O  

mp spec t r a l  region. There is  e i t h e r  p r a c t i c a l l y  no change i n  the albedo i n  t h i s  

sec t ion ,  or somewhat of a reduction i n  the  region from X = 850 mp t o  X = 1000 mp. 

The value of t h e  albedo varies f o r  each type of vegetative cover. Spec t ra l  

c h a r a c t e r i s t i c s  of albedo are given i n  figure 2 f o r  severa l  types of vegetation. 

The average values of albedo f o r  individual  groups of p l an t s  are given i n  

t a b l e  1. 
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Wd jtU boil 7511 8~17 900 &py- 

Figure 3. Mean da i ly  spec t ra l  albedo of 

crops. I, T a l i  coix; 2, su",flcwers. 

The tab le  shows the main differences i n  albedo t o  be a t  wavelengths of 

700-730 mp (from 6 t o  20 percent) .  

900 mp wavelength range. 

These changes reach 20 percent i n  the 730- 

The ef fec t  of the chlorophyll absorption shows up c l ea r ly  f o r  herbaceous 

covers with lush vegetation ( a l f a l f a  i n  June, Sudar, grass, lupine and cabbage); 

a sharp change i n  albedo takes place i n  the 700-730 m p  spec t ra l  region: 

= 16-22 percent. The albedo i s  40-50 percent i n  the 730-900 

mp wavelength region. The chlorophyll absorption band i s  a l so  well  defined f o r  

herbaceous covers i n  the month of July (clover, a l f a l f a ,  corn f o r  s i l age ,  beets);  

however, the change i n  albedo i n  the 700-730 mp i s  l e s s  pronounced, amounting t o  

A A = A  - A  = 19-12 percent. The albedo comes t o  28-30 percent i n  the 

730-900 mp wavelength range. 

= %30 - 500 

730 700 

The chlorophyll absorption band does not show up as wel l  f o r  surfaces /27 
The albedo with vegetation UO-140 cm high during ripening (corn, sunflowers). 

i n  the  430-700 mp spec t ra l  region i s  3-4 percent higher than f o r  the  f i r s t  two 

groups of vegetation (see f i g .  3 ) .  

wavelength range. 

The albedo i s  28-30 percent i n  the 780-900 mp 

5 



Figure 4. 

surfaces with r a re ly  planted vegetation and fallow. 

1, FKLIUW; 2, vineyard (annual-); 3,mowed s~i+me 

meadow; 4, young winter wheat. 

Average da i ly  values of spec t r a l  albedo f o r  

A l l  charac te r i s t ics  which are typ ica l  of thick herbage a l so  show up t o  a 

l e s s e r  degree i n  surfaces with r a re ly  planted vegetation (young winter wheat, 

the mowed surface of a meadow, the s o i l  a f t e r  melting of snow with l a s t  year 's  

grass  and annual grapes i n  which the green mass i s  approximately 10  percent of 

the t o t a l  s o i l  area (f igure 4) ) . 
spec t r a l  region i s  2-3 percent; the albedo i s  10-20 percent i n  the 750-900 mp 

wavelength region. The average values of the albedo f o r  these surfaces are  

given i n  tab le  2 together with the albedo f o r  p lan ts  i n  the  herbage s tage and 

the r a t i o  of these values t o  the albedo f o r  d r y  chernozem(b1ack e a r t A ) .  

The change i n  albedo i n  the 700-730 mp /29 

The t ab le  shows t h a t  even a smal l  amount of vegetation (annual grapes) re- 

s u l t s  i n  a considerable change i n  albedo, which i s  espec ia l ly  pronounced begin- 

ning a t  a wavelength of TOO mp. 

Corn may be used as an example f o r  t rac ing  the  change i n  spec t ra l  albedo a s  

a function of vegetation phases ( f i g .  5 ) .  

6 
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Figure 5. Daily average values of spec t r a l  

albedo fo r  corn i n  various phases of gi=fiXth. 

1, Silage; 2, t a l l ;  3, yellow. 

This figure shows a change i n  the p r o f i l e  f o r  the chlorophyll absorption 

band (and a 3-4 percent increase i n  albedo f o r  the 450-680 mp a s  the p lan t  

grows--during the t r ans i t i on  from si lage t o  t a l l  green corn. There i s  a con- 

s iderable  reduction i n  the albedo i n  the 750-850 mp, wavelength range. During 

ripening of t he  corn (as it becomes yellow) there i s  a fu r the r  increase i n  the 

albedo i n  the  550-730 mp spec t r a l  region and the chlorophyll absorption band 

disappears. 

Since there  i s  a considerable diurnal var ia t ion  i n  albedo, a study of the 

average d a i l y  values i s  of considerable in t e re s t .  T h i s  problem was f irst  con- 

s idered by K. s. Shi f r in  ( ref .  k ) ,  and conversion f ac to r s  were derived somewhat 

l a t e r  by Kh. G. Tooming ( r e f .  5 )  f o r  calculat ing the average d a i l y  in t eg ra l  

albedo. 

these conversion factors .  

vers ion f ac to r s  K (the r a t i o  

t i o n a l  period) f o r  the 550-975 m v  wavelength range from measurement data  above 

a l f a l f a  f o r  20 c l ea r  days ( table  3). 

A considerable quant i ty  of s t a t i s t i c a l  data i s  necessary f o r  finding 

We have made an attempt t o  compile a tab le  of con- 

of the average albedo t o  the  albedo of the  observa- 

These f ac to r s  may d i f f e r  by f10 percent f o r  individual spec t r a l  regions. 
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TABLI3 3. CONVERSION FACTORS K FOR VARIOUS SOLAR ELENATIONS (b) 

I 
--_- 

I K I 
c -  

21-23 

32-34 
25-29 

37-40 
43-47 
52-56 
6'1-63 
66 

0.86 

0,95 
0,98 
1,02 
1.05 
!,OR 
1,13 

0.95 
1 ,oo 
1,05 
1,13 
1 ,?2 
1 3 7  
- 

6-3-61 
56-52 
4 7 - 4 3  
40-37 
34-32 
29-25 
23-21 
- 

1.09 
1,lO 
1.04 
1 ,oo 
0,96 
0,93 
0,89 
- 

Table 3 shows t h a t  the average da i ly  albedo f o r  J u l y  before noon corre- 

sponds t o  the albedo measured a t  so la r  e levat ions of 32-34', while the range 

f o r  June i s  40-43O; the corresponding ranges f o r  the afternoon are  37-400 

f o r  June and 43-47O f o r  July.  

/30 

A l l  the  types of vegetative cover which we studied have a diurnal  varia- 

t i o n  i n  albedo with a minimum a t  noontime f o r  c lear  days. Changes i n  albedo 

of a l f a l f a  f o r  the month of June are  given i n  tab le  4 a s  a function of so l a r  

e leva t ion  with respect  t o  t rue  noon. This t ab le  shows t h a t  the diurnal  var ia-  

t i o n  i n  albedo f o r  the month of June is  symmetric with respect t o  noon and may 

vary by 30-40 percent as the so la r  elevation changes from 26 t o  66'. 

The diurnal  var ia t ion  of the  same surface i s  asymmetric f o r  the month of 

Ju ly  ( f ig .  6); the afternoon values of albedo a re  10-15 percent higher than the 

forenoon values ( for  s o l a r  elevations of 30-18') and the  albedo var ies  by 

50-60 percent with a change i n  solar  e levat ion from 24 t o  62'. 

/31 
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TAl3LJ3 4. DIZJRNAL VARIATION I N  THE FELA!I'TvE VALUES OF 
SPECTRAL ALBEDO FOR ALFALFA (TEE AIBEDO AT A SOLAR 
ELFVATION OF 660 IS TAKE3 A S  THE UNIT) 

103 
92 

i 03 
€02 
10.5 
i i13 

70. 

10 . 

Figure 6. Diurnal var ia t ion  i n  the spec t r a l  

albedo f o r  a l fa l fa  (July 1961, Tairovo sett le- 

ment). 

1, x = 660 mp; 2, x = 700 mp; 3, x = 800 mp. 

Snow and Water Surfaces 

The albedo of snow cover i s  extremely var iable  i n  cont ras t  t o  t h a t  of other  

surfaces .  This va r i a t ion  i n  albedo depends both on changes i n  the  surface it- 

self and on conditions of illumination. It should be pointed out  t h a t  a v isua l  

10 



Figure 7. Spectral  cha rac t e r i s t i c s  of the 

albedo f o r  a snow surface during c l ea r  

weather (22 February 1963). 

1, 10 hours; 2, 1 2  hours. 

scale  i s  used t o  determine t h e  s t a t e  of t h e  snow cover. 

o f  t h i s  sca le  should not be used t o  judge the change i n  physical p roper t ies  of 

t h e  s n m .  

v a r i a b i l i t y  i n  the  albedo of snow. 

However, t he  reading 

These circumstances make it d i f f i c u l t  t o  explain the  reasons f o r  

Our s tudies  above the  snow surface were used as a bas i s  for compiling 

t ab le s  of the  spec t r a l  albedo f o r  individual measurement days and of t he  mean 

meteorological values of albedo calculated as  t h e  averages from data f o r  sev- 

e r a l  measurement days (see appendix). 

Curves are given i n  f igu re  7 f o r  t he  albedo of f r e s h l y  f a l l e n  dry snow as 

a function of wavelength i n  c l ea r  weather. 

from h = 420 mp t o  h = 500 mp, t he  albedo increases  by AA = A 

5-9 percent. 

i n  t he  500-800 mp spec t r a l  range. 

h = 1000 mp there i s  a reduction i n  albedo by AA = 

3-12 percent. 

I n  the  i n t e r v a l  of wavelengths 

mp - A420 mp Y 500 

There i s  an ins igni f icant  change i n  albedo values (1-3 percent) 

Beginning a t  h = 800 mp and continuing t o  

~ O O O  mp - A800 mp = /32 

The albedo of w e t  snow shows l i t t l e  change i n  the 420-800 mp wavelength 

region during c l ea r  weather. The change i n  albedo i n  the  800-1000 mp spec t ra l  

11 
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~. . Figure 8. Spectral  character- Figure 9. Spectral  character-  

i s t i c s  of the albedo f o r  a snow i s t i c s  of the albedo f o r  a snow 

cover during c lear  weather (29 surface during 81i ~- ;crcas t  n f  

~ March 1963, Sablino sett lement).  10/10 s t  (28 February 1963). 

I 1, 9 hours; 2, 11 hours; 3, 15 1, 9 hours; 2, 12 hours. 

hours. 

mp = 16-18 Alooo mp - AB00 region i s  more pronounced than f o r  dry  snow, being A 

5 percent ( f ig .  8) . 
J 
f The albedo f o r  f r e sh ly  f a l l e n  snow during overcast weather has a f l a t t e r  

I spec t r a l  curve. I n  t h i s  case the change i n  albedo i n  the 425-950 mp wavelength 

range i s  6-8 percent ( f ig .  9). 

The spec t r a l  albedo f o r  many types of snow surface var ies  only s l i g h t l y  i n  

the  500-800 m p  wavelength range. The pr inc ipa l  changes take place i n  the 800- 

1000 mp range. The change i n  albedo i n  t h i s  spec t ra l  region i s  considerably 

dependent on the moisture content of the snow. I 

I Figure 1 0  shows the  spec t ra l  albedo of a water surface measured above a 

~ lake where the bottom was about 60-70 cm deep. Character is t ic  f o r  the  water 

surface i n  t h i s  case are s l i g h t  changes i n  the albedo throughout the  420-850 mp 

wavelength region. The spec t ra l  change i n  albedo i s  l e s s  than 4 percent. 

12 



the  albedo f o r  a water surface.  

The diurnal  var ia t ion  i n  the albedo of water has a pronuilrlced x:rrw- !_13 
r e f l ec t ion  nature with a m i n i a m  a t  noontime. As the  so l a r  e levat ion decreases 

from 58 t o  280, the albedo increases by a f ac to r  of 2-2.5 i n  comparison with the 

value f o r  t rue  noon. 

Soi l s ,  Rock Outcropping, Road Surfaces 

Surfaces belonging t o  the f irst  category ( f ig .  11) show a continuous in-  

crease i n  albedo a s  the wavelength varies from 500 t o  1000 mp. 

Given below are  changes i n  the albedo f o r  various surfaces i n  the  5OO-gOO 

mp wavelength region. 

Surf ace 

Fallow 

Concrete 

Asphalt 

D i r t  road 

River sand 

Straw 

Dry grass  

Grain stubble 

Albedo, 
4a 

3-13 

12- 25 

13-24 

9- 27 

36-54 

10- 40 

6- 29 

6-30 



1. 

Figure 11. Spectral  cha rac t e r i s t i c s  of 

albedo. 

1, Asphalt; 2, concrete; 3, road; 4, sand. 

Investigation of a l a rge  number of surfaces  i n  the  f i r s t  category w i l l  give 

a bas i s  f o r  grouping them according t o  types a s  was done i n  reference 3. 

Data are given i n  t h e  present paper on the spec t r a l  albedo f o r  various sur-  

n Y  faces i n  the  470-9731wavelength range derived basically from observations under 

c l e a r  weather conditions. Studies of albedo will be made i n  the  fh tu re  for a 

wider range of wavelengths under varying i l lumination conditions and the  average 

albedo w i l l  be found f o r  various types of surfaces. 
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1 APPmIX. MEASUREMENT RESULTS FOR SPECTRAL ALJ3EXIO OF VARIOUS NATURAL SURFACES 
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